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Carbonate replacement Pb-Zn-Ag deposits (CRDs) in the Lavrion district are spatially related to an Upper 
Miocene granodiorite intrusion and various sills and dikes of intermediate to acid composition. The 
mjneralogy of CRDs includes base-metal sulphides as well as sulphosalts containing Ag, Bi, Sn, Sb, As, 
and Pb, particularly at Plaka and Kamariza. Fluid inclusion studies suggest the CRDs were deposited from 
moderate-temperature {132°-365°C), CO2-poor, and low- to moderately-saline (I to 20 wt% NaCl 
equivalent) fluids. Sulphur isotope compositions of sulphides and sulphates suggest a magmatic 
contribution to the ore fluids and a marine seawater origin for barite. Carbon and oxygen isotope 
compositions of calcite intergrown with sulphides reflect variable exchange of the ore-bearing fluid with 
the upper and lower marble host and with proximity to the Plaka granodiorite. The CRDs resemble 
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ABSTRACT: Carbonate replacement Pb-Zn-Ag deposits (CRDs) in the Lavrion district are spa-
tially related to an Upper Miocene granodiorite intrusion and various sills and dikes of intermediate 
to acid composition. The mjneralogy of CRDs includes base-metal sulphides as well as sulphosalts 
containing Ag, Bi, Sn, Sb, As, and Pb, particularly at Plaka and Kamariza. Fluid inclusion studies 
suggest the CRDs were deposited from moderate-temperature {132°-365°C), CO2-poor, and low- to 
moderately-saline (I to 20 wt% NaCl equivalent) fluids. Sulphur isotope compositions of sulphides 
and sulphates suggest a magmatic contribution to the ore fluids and a marine seawater origin for 
barite. Carbon and oxygen isotope compositions of calcite intergrown with sulphides reflect vari-
able exchange of the ore-bearing fluid with the upper and lower marble host and with proximity to 
the Plaka granodiorite. The CRDs resemble carbonate-hosted sulphide deposits in Mexico, central 
Colorado, and northern Greece. 
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INTRODUCTION 
The famous Lavrion silver district, Greece, 
was actively mined for over 3000 years and 
produced - 25 million oz of Ag before it closed 
in the early part of the 1970s. Although there 
are > 50 base metal occurrences in the district, 
much of the mining centered around Pl aka and 
Kamariza. The district consists of four different 
mineralization types: intrusion-hosted, carbon-
ate replacement, vein, and skam, with all four 
types occurring at Plaka (Fig. I). Of these ore 
types, the most important economically is the 
carbonate replacement Pb-Zn-Ag type, which is 
found at locations such as Kamariza, 
Esperanza, Sounio, Villia, Avlaki, and Megala 
Pefl<a (Fig. l ). Skarn- and vein-types (e.g., 
Vein 80) are spatially related to intrusion-
hosted mineralization in and adjacent to the 
Plaka granodiorite (Fig. I). Prior to the discov-
ery of the intrusion-related mineralization at 
Pl aka, Kalogeropoulos & M itropoulos ( 1983) 
proposed, o n the basis of fluid inclusion data, 
that the carbonate replacement deposits (CRDs) 
in the Luvrion district were Mississippi Valley-
type (MVT) deposits. The aim of this study is 
to determine the origin of the CRDs and their 
genetic relationship, if any, with the granodio-
rite intrusion near Plaku and other minor por-
phyritic dikes and sills (intermediate to acid 
composition) that are exposed at the surface or 
occur in underground locations throughout the 
district. 
2 REGIONAL GEOLOGY 
The Lavrion district is part of the Cycladic-
Pelagoniun base and precious metal belt that 
trends northwest from Milos Island, Greece, to 
Bulgaria. ln the Luvrion urea, a Mesozoic 
metamorphic autochthonous sequence, which 
consists of an upper and lower marble and in-
tercalated schist (Kcssariani schist), was over-
thrust by an Upper Cretaceous a llochthonous 
phyllitic nappe. The formation of the Plaka 
granodiorite (7-10 Ma; Altherr et al. 1992) is 
synchronous with extensional detachment fau lt-
ing. 
Proceedings of the Ninth Biennial SGA Meeting, D11bli11 2007 283 
• t,,,,...... ~ -6'-•• 
~~ •·t;.. . .., 
. -
~, -~ , 
N 
~-" 7L ~ 1.1.art>in 
..... ...,..,.,, , ....... -~, .... 
w u u .. ~ 
Figure I. Geological map of the L:ivrion district. 
PG = Plaka granodiorite. 
3 MINERALOGY 
Although famous for containing more than 
400 secondary minerals, the primary ores in the 
Lavrion district arc also complex, with >60 sul-
phides and sulphosalts (containing Ag, Bi, Sn, 
Sb, As, and Pb). Pyrite, molybdenite, chal-
copyrite, pyrrhotite and scheelite occur in intru-
sion-hosted mineralization whereas magnetite, 
pyrrhotite, scheelite, sphalerite, chalcopyrite, 
galena, bismuthinite, and native bismuth arc 
present in skam-typc mineralization. Carbon-
ate replacement ores are hosted in marble at 
contacts with the Kessariani schist and with 
granodiorite dikes and sills. Replacement ore-
bodies (up to I Os of meters in length) are gen-
erally conformable to bedding but locally 
crosscut bedding. 
For ores in the Kamariza area, Voudouris 
and Economou-Eliopoulos (2003) showed that 
pyrite and arsenopyrite formed first, followed 
by sphalerite, galena, Bi-Cu-Pb-Sb-Ag-
sulphosalts, enargite, pctrukite, chalcopyrite 
and native gold. Away from Plaka and 
Kamariza, primary sulphide mineralization is 
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dominated by sphalerite, galena, pyrite, marca-
site, chalcopyrite, pyrrhotite and arsenopyrite 
with considerably fewer sulphosalts. Calcite, 
quartz, and fluorite arc intcrgrown with sul-
phides and may occur at various stages in the 
paragenctic sequence. Primary barite and sec-
ondary 1:,rypsum are less common gangue min-
erals. In places, particularly along the western 
margin of the district, sulphides are essentially 
absent and barite is the dominant sulphur-
bearing mineral. 
4 FLUlD INCLUSION STUDY 
Approx_imatcly 230 microtherrnometric 
measurements of primary and secondary fluid 
inclusions were made. Preliminary measure-
ments of primary aqueous liquid-vapour inclu-
sions and aqueous liquid-vapour inclusions 
with variable liquid to vapour ratios and up to 
three daughter crystals in quartz from quartz-
molybdenite veins at the Plaka granodiorite 
show homogenization temperatures (Ti,) of 268 
to > 460°C, and salinities that range from 10.4 
to 42.8 wt.1½, NaCl equivalent (Fig. 2). The 
spatial relationship among vapour-rich, vapor-
poor, low salinity and high salinity fluid inclu-
sions suggest that the precipitation of molyb-
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Figure 2 . Salinity-homogenization temperature plot for 
nuid ioclusions in ore und ganguc minerals from the 
Lavrion district. 
Primary two phase liquid-vapour inclusions 
with Iiquid:vapour ratios of -4: I were meas-
ured in sphalerite and fluorite from the 
Kamariza area (Jean Baptiste, Ilarion, and Ser-
prieri deposits). These show T11 values of 233 
to 265°C and salinities of7.2 to 18.0 wt%, NaCl 
equivalent. Similar inclusions from the 
"Digging Deeper" CJ. Andrew et al (editors) 
Esperanza deposit exhibit T11 values of 183 to 
22 1°C and salinities of 14 .8 lo 17.6 wt% NaCl 
equivalent (Fig. 2). Fluid inclusions from both 
locations show low eutectic temperatures of - -
42.0 to -32.0°C suggesting the presence of 
Ca2 +-, in addition to Na+ and K+, in the hydro-
thermal solutions. The data obtained here over-
lap those obtained by Knoll ( 1988; 250 to 
365°C and I to 15 wt%, NaCl equivalent) and 
Kalogcropoulos & Mitropoulos (1983; 132 to 
208°C and 16 to 20 wt%, NaCl equivalent) from 
fluid inclusions in fluorite from the Plaka and 
Kamariza ureas. 
5 STABLE ISOTOPE STUDY 
Sulphur, carbon and oxygen isotope data 
were obtained from different minerals collected 
from Kamariza, Adami (Vein 80), Sounio, 
Esperanza, Avlaki and Villia. Sulphur isotope 
compositions of both sulphides (galena, 
sphalerite, and pyrite; n = 54) and sulphates 
(barite and gypsum; n = 8) were measured. 
Carbon and oxygen isotope compositions of 
calcite samples (n = 61) from the lower and up-
per marbles and intcrgrown with sulphides in 
CRDs were acquired. T he sulphur isotope data 
are reported as per mil variations relative to 
Canyon Diablo Troil ite (CDT) whereas those 
for carbon and oxygen isotope data arc reported 
relative to VPDB and VSMOW, respectively. 
Calcite samples yielded 8 13C and 8 180 val-
ues of -9.4 to 5.2%0 and 2.5 to 30.0%0 respec-
tively (Fig. 3), and reflect variable exchange of 
ore □uids with the upper and lower marble host 
rocks, over a range of temperature, and with the 
Pluka granodiorite. Carbon and oxygen isotope 
compositions of most carbonates in sulphides 
arc isotopically lightest with increasing prox-
imity to the Plaka granodiorite (Fig. 3). For ex-
ample, those from the Villia deposit, which is 
closest to the Plaka granodiorite, exhibit values 
of 15 13C = -5.4 to - I .8%0 and 8180 = 2.7 to 7.7 
%n, respectively. They arc isotopically distin-
guished from carbonate that fanned aflcr sul-
phide deposition, which is characterized by 
813C and 61~0 values of-9.4 to -7.3%u and 20.6 
to 24.9%0, respectively 
Sulphur isotope compositions of sulphides 
from Vein 80 (Adami mine) ranged from -3.2 
to 2.0%0 (n = 7) and are isotopically heavier 
than sulphides in CRDs in the Kamariza area (-
5.0 to -0.8%0; n = 25) (Fig. 4). Sulphides from 
all other CRDs show positive values of 2.1 to 
9.4%11 (n = 22), with the isotopically heaviest 
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Figure 3. !'lot of C' and O isotope compositions of 
calcite from the Upper and Lower Marbles and inter-
grown wilh CRD sulphides. 
sulphide being sphalerite from the northernmost 
deposit (Avlaki). The only other negative value 
of 834S (-2.2%0) was obtained from galena 
from the Megala Pefka deposit. Sulphur iso-
tope compositions of baritc from CRDs range 
from 17.2 to 23.7%u whereas those for two 
samples of secondary gypsum yielded 834S val-
ues of -0.9 and -0.8%0. Although the mean or 
sulphide 1534S values center around zero per mil, 
consistent with a magmatic sulphur contribu-
tion, sulphur isotope values of baritc arc consis-
tent with its derivation from late Miocene sea-
water whereas those for gypsum suggest that 
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Figure 4. Sulphur isotope compositions of sulphides an<l 
sulphates from lhe Lavrion district. 
6 CONCLUSIONS 
Carbonate replacement deposits formed as 
part of a complex ore system in the Lavrion dis-
trict that mimic those associated with manta-
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style CRDs in Mexico, northern Greece and 
central Colorado. Carbonate replacement de-
posits in the Lavrion district show a complex 
mineralogy (including the presence of a wide 
variety of sulphosalts), a spatial relationship 
with igneous intrusions/apophyses, fluid inclu-
sions in sphalerite and fluorite with moderately 
high Th values, and a likely involvement of 
magmatic fluids and components (S, Ag, Bi, 
Cu, Pb, Sb). These characteristics are distinct 
from MVT deposits. Magmatic contributions 
(Ouids and ore components) are likely highest 
for CRD mineralization in the Plaka and 
Kamariza areas and diminish on the margins of 
the Lavrion district. 
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